Objective: To develop and implement an online Artificial Neural Network (ANN) that provides the probability of a subject having mild cognitive impairment (MCI) or Alzheimer's disease (AD).
Introduction
Mild cognitive impairment is the diagnostic term given to subjects who are thought to have a cognitive impairment greater than expected for age and education without an obvious etiology, but sufficiently severe to warrant a diagnosis of dementia [12, 24, 31] .
Having MCI increases the risk of developing a dementia like AD.
Neuropsychological assessment is the first key investigation for the diagnosis of AD. It is used to document the pattern and degree of deficits in the various domains of cognitive functions such as memory, language, attention, orientation, and executive functions. A comprehensive neuropsychological examination can provide a pattern of impaired/preserved functions that is helpful to early detection of dementia. The selected tests should be adapted and standardized to the studied population in order to properly estimate cognitive and functional performance [23] .
To facilitate the diagnostic process and to avoid misdiagnosis, artificial intelligence methods can be used. These adaptive learning algorithms can handle diverse types of medical data and integrate them into categorized outputs [1] . Data from several studies have pointed out the existence of a strong correlation between AD neuropathology and cognitive state. However, because of their highly complex and nonlinear relationship, it has been difficult to develop a predictive model for individual patient classification through traditional statistical approaches. When exposed to complex data sets, ANNs can recognize patterns, learn the relationship of different variables, and address classification tasks [4] . The adaptive systems provide superior accuracy when compared to models of traditional linear statistics [7] .
In 2001, Peña-Casanova et al. developed the Neuronorma battery [16] . The objective was to collect normative and psychometric information on a sample of people aged over 49 years, based on 33 neuropsychological tests covering attention, language, visuo-perceptual abilities, constructional tasks, memory, and executive functions. Effects of age, education, and sex were determined. In 2016, Rivera et al. implemented an ANN to provide the probability of a subject having MCI or AD using as a feature input vector the Neuronorma battery. As a background, in 2011, Quintana et al.
implemented an ANN to classify the same subjects of this study, evaluated with the Test Barcelona neuropsychological battery [25] .
Methodology
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Subjects
The 
Variables
The following test were used to determine the cognitive state of participants (see [5] . A total of 33 cognitive variables were used.
These variables plus age and education were used as the input dataset to train ANNs.
Artificial neural network
An ANN consists of a system composed by one input layer, one output layer, and one or more hidden layers. In this study ANNs with only one hidden layer were executed. 
Procedure
The initial database was divided in three groups or datasets: 70% to train, 15% to validate and 15% to test. In the training phase the network compares the real output with the expected diagnosis (target) and uses the difference to adapt the weights set of the ANN. The training cycle is iteratively repeated until the validation set finds the minimum mean square error (MSE: quadratic difference between the output and the target or expected diagnosis). The optimization of the weights of the network is determined by the minimization of this MSE. So, the validation dataset provides an unbiased evaluation of the ANN that has been fitted on the training dataset.
The optimal neural network architecture was defined using two parameters: the number of hidden neurons, and the dimension of the input vector, also known as 
Results
The classification error of the neutral database (test dataset) using the two methods to reduce the characteristics of the input vector, PCA and MDA, and without any reduction is shown in Figure 1 shows the Neuronorma profile of a subject with its associated probability of belonging to one of the three cognitive states: Normal Aging (CONT), MCI and Dementia (AD). 
Limitations and future studies
Currently, the ANN implemented on the Test Barcelona Workstation is only useful for Alzheimer's disease suspected cases. Our group has initiated similar studies in patients with multiple sclerosis, vascular dementia and Parkinson's disease.
Conclusions
This study evaluated the capacity of an online ANN to predict the cognitive state of a subject assessed by the Neuronorma battery. The study shows that the ANN approach is better than linear predictive models. The Fifth International Luria Memorial Congress
